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(g) Switching power supply. 

fA switching power supply comprises first switching circuit 
for making an input voltage on and off, a transformer (3) 
having a primary winding (3a) connected in series with the first 
switching circuit (4). first rectifying and smoothing circuit (7, 9) 
connected to a secondary winding (3c) of the transformer and a 
second switching circuit (8) for releasing the output of the 
rectifying and smoothing circuit (7, 9) back to tlie secondary 
winding (3c) of the transformer (3) during the off-period of the 
first switching circuit. The switching power supply may further 
comprise a control circuit (10) for controlling on or off the 
second switching circuit (8) in response to the output of the 
first rectifying and smoothing circuit. The power supply may 
alternatively comprise a second rectifying and smoothing circuit 
(60. 61) connected to additional secondary winding (3f) to 
control on or off of the first switching circuit. Thus a stabilized 
switching power supply is provided with lower power loss, 
higher efficiency and lower noise. 
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SWITCHING POWER SUPPLY 

n°r,So„°'; ™ po-r ^ .0- .upp„.n, DO s,*..ed .o,«g« .o *VS.S«. »,d 

'r^LZK— .power s„pp,,.nas.^^^ 
Shown a DC power supply 1 which is obtained by '^!°^^'"9^™^^^ 

baS. V-s d'c power supply is --f ^^^J^^Srtn^JtTeltaTa^^^^^^^ 3 1 = transformer which has one 
the Input terminal 2 and a negative voltage other end thereof connected through a 

end of a primary winding 3a connected to ^J^^ '"P"* ^^'"J'"^' rcondary winding 3c connected to an output 
switching dement 4 to the input terminal 2' ^S^^^^^'^^^^lT^ tem,inal 11. one end of a bias 
terminal 11'. the other end thereof f^^^^^^f^^^^^f^^^^^er end thereof connected to a synchronizing 
winding 3b connected to the input t«^'^'"f ' ^ ; f the otner .^^ control terminal 

oscillation control circuit 13. The switching 'Vnntrol cTcuU 13 thereby interrupting the input voltage 

with an on-off signal from the -y"-hroniz.ng osc.M^^^^^^ ^^^^g, ri^d of 

10 the primary winding 3a. The synchronizing oscrtlati^^^^^ phofocouplers and keeps 

,he element 4 by the output signal '"^"SnSb ™S its polarity. The rectifying diode 7 has its 
the off-state until the voltage across the ^'^s winf '"9 3^^^^^^ to the output terminai 11. 

20 anode connected to one end of the the output terminals 11. 11'. The rectifying 

Shown at 9 is a smoothing capacitor. «f 'f connected between the output terminals 1 . 
diode 7 rectifies the voltage induced in th^ secondary W° ^ ^^^^ terminals 

11' and the smoothing capacitor 9 acts to smooth h^ ^^^^^^^^ ^6 the output 

as the output voltage. Shown at 15 is an er o ^"^P' J~ signal and supplies it to the insulating 

voltage between the output terminals 11. 11 ■ f,'^P to insulate between the primary and 

transmission means 14. The Sj^^tr^^^ 15 to the synchronizing oscillation 

secondary windings and to transmrt the Xemiral exS will be described below, 
control Circuit 13. The °f ^^^'^ ^^^^p^ 

The input voltage supplied from the P°r'%'.^"P^^^^^ the synchronizing oscillation control circuit 

when the switching element 4 Is ^"i^^f °" f'y/f^ tran^^^^^ the on-period to allow a primary current to 
13. is supplied across the primary wind ng transformed 3 to that energy is stored in the 

flow in the primary winding, this -^^St^et^c 
transformer 3. At this time, a voltage is^nduced^^^^^^ 

rectifving diode 7 in the reverse direction. When the switot^^ primary winding 3a and at the 

s^nSonizingoscillation control circuK13.af^ybac^^^^^^ ^^-^3 to forward-bias the 

slme time, another flyback voltage is generated " ,3 ,e,e^sed in the form of a secondary 

rectifying diode 7. Therefore, the ^^^'^^^^^^^^^ s Sed by the smoothing capacitor 9 to produce the 
current in the secondary windmg 30. Th^ current . s r^^^^^^ ^^^^gy stored in the 

output voltage which appears between the output^ term.^ 
transformer 3 is all released out. the flyback volta^ 

and ringing is caused by the resonant v°'^9^ .^^P^J' bias w^ 3b of the transformer 3. and tends to 
PcLt, cur,« b which <^^*:'-*'\<',S;Sr^l'i£J^^i v^vctorm to which Hows in Ihc 

;;r£srrhrr™^ro.x\'='ii'i^-^ 
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iouT is expressed by 




the output voltage Vout by 




N§_ ><JL x-^^ r and 
Np 1*8 Torr 
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the switching frequency 

f — 1— 

Tow + TorF 

where Ns is the number of |urns of the secondary winding 3c. Np is the number of turns of the primary winding 
3c. Ls is the inductance of the secondary winding 3c, is the input voltage supplied from the DC power 
supply 1 , TON is the on-period of the switching element 4, Toff is the off-period of the switching element 4 and 
T is the oscillation period. 10 

The output voltage Vout is compared with the reference voltage 16 in the error amplifier 15. and the 
compared result is supplied through the insulation transmission means 14 to the synchronizing oscillation 
control circuit 1 3. thereby controiling the ori-period of the switching element 4. Therefore, the output voltage is 
always controlled to be constant with the on-period changed even though the output current Iout and the input 
voltage Vin are changed. Fig. 23 shows such situations. However, since the change of the on-period results in 15 
the change of the off-period, the oscillation frequency f is also changed as is obvious from the figure. 
Moreover, in order to prevent the on-period from being increased without limit by an over-current due to 
short-circuiting of the output terminals 11, 11' or the like, it Is necessary that the synchronizing oscillation 
control circuit 13 has the function of limiting the maximum on-period or the primary current. 

In the conventional switching power supply shown in Fig. 22, however, the voltage and current waveforms to 20 
be supplied when the switching element 4 is turned on and off are simultaneously changed while crossing each 
other due to the gradients depending on the response speed of the switching element 4, thus causing a large 
switching loss. In addition, if the switching loss is decreased by increasing the response speed of the 
switching element 4. the voltage and current waveforms become steeper, leading to increase of the switching 
noise and the voltage and current spikes which are supplied to the switching element 4. 25 

Recently, to solve such problems, various resonant-type switching power supplies utilizing LQ resonance 
are proposed in which an Inductance and capacitance are inserted on the switching circuit. 

Fig. 24 shows an arrangement of a conventional resonant-type switching power supply. In Fig. 24, like 
elements corresponding to those In Fig. 22 are identified by the same reference numerals and will not be 
described. Referring to Fig. 24, there are shown an Inductance 45 which is connected in series between the 30 
input terminal 2 and the primary winding 3a of the transformer 3, and a capacitor 41 which is connected In 
parallel with the switching element 4. These inductance 45 and the capacitance 41 constitute an LC resonant 
circuit. Shown at 5 is a diode which is connected across the switching element 4. This diode has its anode 
connected to the input terminal 2! and its cathode connected one end of the primary winding 3a, so that when 
the energy stored in the inductance 45 is released bach to the DC power supply 1 , a current can be flowed in 35 
the winding even under the off-state of the switching element 4. Shown at 42 is a synchronizing oscillation 
control circuit which generates an on-off control signal to the switching element 4 and detects the current in 
the diode 5 so that the on-period of the switching element 4 is changed and the off-period Is maintained iintll a. 
current flows in the diode 5. 

Fig. 25 shows a operating waveforms at each portions. In Fig. 25, at (a) is shown the voltage waveforms VDS 40 
across the switching element 4, at (b) a current waveform I'ds which flows in the switching element 4 and In the 
diode 5, at (c) a drive pulse waveform Vqi from the synchronizing oscillation control circuit 42, at (d) a current 
waveform I'c flowing in the capacitor 41, at (i) a secondary current waveform lo flowing In the secondary 
winding 3c, and (j) an induced voltage waveform Vo across the secondary winding 3c. As will be understood 
from the operating waveforms, energy is stored in the transformer 3 and inductance 45 in the on-period of the 45 
switching element 4. while in the off-period, the energy stored in the transformer 3 is released through the 
secondary winding 3c to the output terminals 11,11' and the energy stored in the inductance 45 is released to 
charge the capacitor 41. As a result, a sine-wave voltage vibrating at a resonant frequency, fc 1/2 ti i/LC 
determined by the inductance value L of the inductance 45 and the capacitance value c of the capacitor 41, is 
generated across the capacitor 41. Moreover, the vibrating sine wave voltage vibrates about the sum of the 50 
input voltage of the DC power supply 1 and the flyback voltage Induced in the primary winding 3a. Thus, the 
values of the inductances 45 and capacitor 41 and the on-period are set so that the amplitude becomes much 
larger than the sum of the input voltage and the flyback voltage, causing the voltage across the capacitor 41 to 
be negative. This negative-voltage period causes the voltage across the capacitor 41 to be zero and a current 
is flowed in the inductance 45 through the diode 5. At this time, the switching element 4 is turned on by the 55 
synchronizing oscillation control circuit 42, but no discharge current is flowed from the capacitor 41 to the 
switching element 4, thus the so-called zero-cross switching being caused in which the switching element is in 
the on-state with zero voltage applied there across. This operation is repeated to supply the output voltage to 
the output terminals 11, 11'. In this resonant-type switching power supply, the voltage waveform (current 
waveform or both voltage and current waveforms depending on the system) applied when the switching 60 
element 4 is turned on and turned off gently changes with a sine-wave gradient irrespective of the response 
speed of the switching element 4. Thus, even if the current waveform is abruptly changed, the switching loss Is 
small and since the voltage waveform Is a sine wave, the switching noise is very little. In this resonant-type 
switching power supply, however, when the switching element 4 is turned on, the above zero-cross switching 
must be made, otherwise the capacitor 41 would be shorted through the switching element 4, thus breaking 65 
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the switching element 4. or the switching loss would be suddenly increased or the switching noise wouki be 
. increased. Therefore, it is very difficult to control the output voltage to be always constant against a wide range 
of input voltage and output current variations while the zero-cross switching is being secured Also o her 
effective means have not yet been found so far. In other words, the minimum value of the on-period is J'm'ted 
5 for assuring the zero-cross switching and the off-period TOFF is also limited since the resonant frequency f, is 
maintained to be constant for assuring the zero-cross switching, or the off-period must be restncted m the 
range of 

1 ^ ^ 

— < Toff < — . 

Thus, the control characteristic is not wide enough in the pulse-width control. Moreover. In the conventional 
system shown in Fig. 22 the voltage (or current) waveform applied to the switching element 4 is rectangular, 
but in the resonant-type it is a sine wave, so that the peak value of the applied waveform increases. This follows 
that the switching element 4 is required to have a large capacity and that a large resonant current is flowed 

15 through the inductance 45. capacitor 41 and primary winding 3C to the DC power supply 1. 

' Moreover. Fig. 26 shows another conventional switching power supply an-anged to have a plurality of 
secondary windings In the transformer 3 and rectifying and smoothing means provided in each of the 
secondary windings, thereby generating a plurality of output voltages, in Fig. 26. like elemerits corresponding 
to those in Fig. 22. are identified by the same reference numerals and will not be descnbed. In Fig. 26. there is 

20 shown a second secondary winding 3f would on the transformer 3. This secondary winding has its one end 
connected to an output terminal 62' and its other end connected to an output terminal 62 through a rectrfying 
diode 60 There is also shown a capacitor 61 which is connected between the output terminals 62 62 and 
serves to smooth the Induced voltage in the secondary winding 3f and to supply the output voKage. 
The operations of the error amplifier 15. reference voltage 16. insulation transmission means 14, and 

25 synchronizing oscillation control circuit 13 by which the output voltage Vouy 1 between the output terminals 
62-62' is controlled to be stabilized have been mentioned with reference to Figs. 22 and 23 and thus will not be 
described again. The output voltage Vow 2 between the output terminals 11. 11' which is not directly 
controlled, or an un-controlled output is a voltage proportional to the voltage output VOUT 1 . oris expressed 



30 



as 



VoOT 2 » , ■ " - X VoOT 1 



35 The stability of the output voltage Vour 2 Is not sufficiently high because the output current causes vol age 
drops chiefly across the Impedance of the secondary winding, the operating impedance of the rectifying diode 
and the leakage inductance between the secondary windings 3c and 3f. In the above equation. Nsi is the 
number of turns of the secondary winding 3f and Ns2 Is the number of turns of the secondary winding 3a 
In this conventional arrangement of Fig. 22. in order to control the output voltage to be constat against the 

40 variations of the input voltage and output current, it is necessary to greatly change the oscillation frequenqr- 
However, since the upper limit of the oscillation frequency is determined by operating frequenc^^^^^ 
switching element 4. the response of the synchronizing oscillation contro circuit 13 ^1^°^ \^!«/°"\^^^^ 
and so on. the lower limit of the oscillation frequency must inevitably be lowered to widen the control range 
Thus, the transformer 3 and the rectifying and smoothing circuits in the secondary winding, since they are 

45 designed for the lowest oscillation frequency, become large in their size and capacity thus making the powe 
supply be large-sized to be expensive. In addition, since the control loop responds late to the trans ent 
variations of the output current, the output voltage has a transient variation Pf '^^'^riV whe" the ou pu 
voltage is transiently increased, the charge on the smoothing capacitor 9 is discharged through he outpu 
terminals 11. 11' in the form of the output current. Therefore, the discharge speed is slow when the o^put 

50 current is small, and hence it takes a long time for the output voltage to be stabilized or the response of the 
output voltage to be transient change is very poor. Moreover, in order to protect the short circurt between the 
output terminals and the output current from over-current, it is necessary to provide a circuit for limiting the 
maximum value of the on-period. Also, for the insulation between the primary and secondary windings the 
insulation transmission means 14 such as a photocoupler is required to transmit a control signal. These 

55 requirements make the circuit arrangement complicated to increase the cost. Moreover, in °rder to reduce the 
switching loss occurring when the switching element 4 is fumed on and off thereby to make the h gh frequency 
operation possible, the response speed of the switching element 4 must be increased, thus the switching 
noise being increased. Consequently, the noise filter to be inserted in the input and output terminals for he 
purpose of preventing equipment from interfering with noise becomes large-sized. In addition since the surge 

60 voltage and current to be applied to the switching element 4 are Increased, a switching element of which 
capacity is excessively large is required. To solve these problems, if the rapid change of the turn-off waveform 
is suppressed, the turn-off loss and snubber-circuit loss increased, thus lowenng the efficiency to an 
impractical extent. Another method for reducing both the switching loss and the switching noise at a time, or 
such resonant-type switching power supply as shown in Fig. 24 has been proposed, but has a difficulty in the 

65 stabilizing control of the output voltage to achieve the zero-cross switching. Also, since the voltage waveform 
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or current waveform to be applied to the switching element 4 is a sine wave which increases the peak value, 
the switching element 4 must have a large capacity and thus cannot be improved much in the efficiency due to 
a large resonant current. 

Moreover, the switching noise is caused not only on the primary winding of the transformer, but also in the 
secondary winding. The switching noise in the secondary winding Is large which is caused by the generation of 5 
ringing waveform due to the distributing capacitance between the leakage Inductance (between the 
secondary winding and the' primary winding as viewed from the secondary winding side) and the secondary 
winding, and by the recovery current of the rectifying diode, chiefly when the switching element 4 is turned off. 
To cope with these problems, a snubber circuit Is connected across the secondary winding or the rectifying 
diode as In the primary winding. However, the snubber-circuit loss is increased and the current flowing in the 10 
snubber circuit is transmitted from the secondary winding of the transformer to the primary winding thus 
increasing the spike current to cause a large loss when the switching element 4 is turned off. 

In the conventional arrangement having a plurality of secondary windings shown in Fig. 26, the detected and 
controlled outputs of the multiple outputs are always controlled to be stabilized, but the other un-controlled 
outputs are much affected by the variations of the output currents so as to slightly change. Particularly at the • 15 
time of light load when the output current of the un-controlled output becomes small, inadequate coupling of 
the secondary winding of the transformer which contributes to the controlled output, to the other secondary 
windings which are associated with the un-controlled outputs will cause the un-controlled output to be easily 
affected by the spike voltage produced from the leakage inductance of the transformer so that the output 
voltage of the un-controlled output is greatly increased. In this case, the greater the output current of the 20 
controlled output and the less the output current of the un-controlled output, the more the output voltage of 
the un-controiled output will Increase. In order to prevent the output voltage from increasing at the time of light 
load on the un-controlled output, a resistor or the like Is. connected between the output terminals of the 
un-controlled output so that the bleeder current is flowed therein not to cause light load, or a regulator circuit 
is connected before the output. However, the bleeder current and the regulator circuit cause losses, thus 25 
lowering the efficiency of the witching power supply. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to improve the transient response of the output voltage and 
reduce the size and cost oi such a switching power supply. 30 

It is another object of the invention to permit the switching power supply to stably operate at high, 
frequencies, the switching loss to be reduced and also the switching noise to be decreased. 

It is still another object of this Invention to reduce the loss in the multiple outputs having a plurality of 
secondary windings, thus suppressing the output voltage from increasing at the time of light load on the 
un-controlled output so that the switching power supply can be operated at a high efficiency. 35 

According to one typical aspect of this Invention, there is provided a switching power supply comprising: a 
first switching means which, when turning on. supplies an Input voltage to a primary winding of a transformer 
so that a primary current is flowed in the primary winding, thus energy being stored in the transformer, and 
when turning off. allows the energy stored in the transformer to be released from a secondary winding of the 
transformer as a secondary current; the transformer of whch the primary winding is connected to the first 40 
switching means; rectifying and smoothing means connected to the secondary winding of the transformer so 
as to rectify and smooth the secondary current to produce an output voltage; and second switching means 
connected in parallel with the rectifying means so as to supply the output voltage to the secondary winding of 
the transformer after the energy stored In the transformer is all released from the secondary winding of the 
transformer; whereby the output voltage is controlled by changing the period in which the output voltage is 45 
supplied to the secondary winding of the transformer by the second switching means. 

According to another aspect of the invention, there is provided a switching power supply which further 
comprises a capacitor connected across either one or both of the first and second switching means. 

According to still another aspect of this invention, there is provided a switching power supply of which the 
transformer has a plurality of secondary windings from which a plurality of output voltages are supplied 50 
through the rectifying and smoothing means, and wherein the on-period of the first switching means is 
controlled so that at least one of the output voltages can be stabilized, and at least one of the other output 
voltages not stabilized is supplied through the second switching means to the secondary winding of the 
transformer when the first switching means is turned off. 

With this arrangement, the energy stored In the transformer when the primary current is flowed in the 55 
primary winding during the on-period is released through the secondary winding as the secondary current to 
the output during the off-period, and the excess energy of the released energy is again stored by flowing a 
secondary current In the secondary winding in the opposite direction and releas ed through the primary. 
winding as a primary current in the reverse direction, thereby controlling the output. T hat is. the secondary 
current flowing in the secondary winding in the reverse direction is controlled to thereby control the energy 60 
released back to the primary winding side, and control the energy from the output, maintaining the output 
voltage to be constant. In addition, by storing the released-back energy in the capacitor connected across the 
respective switching means on the primary winding and the secondary winding side and discharging the 
capacitor it is possible to prevent the voltage waveform at the time of turning off of the switching means and 
the current waveform at the time of turning on from short rapidly changing and to reduce the switching loss 65 
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JSc poier supp.,'.rom .he u„^^J^^»^^^^ 

<;«*condarv windings of tlie transformer and ^^en the load is reduced to a light load, so tnat 

ppicp nFRCRIPTION OF THE DRAWINGS 

"TS"? loK eircul, dlag^ms of o,h,r emb.d.™.« P.*. -Itching p»we, w«- ■ccord^a » 

'"C".'rro'll «re Plrci, dtegr.™ o. other embodl»e.« of «» s»«<*»,g po»er .uprt, o, «te 
'"^a „ , »»,o™ <«.gr». .h».ng .h, ope,*g waveforms ,h *e a™g.n»"». »> « 

?g;Sr,tr.air»SK=Se„«on.s««*,ngpowe,supp». 

^ nP«5CRlPnON OF THE PREFERRED EMBODIMENTS invention. In Fig. 1, like 

''S"i™cir?u' diagram Of one embod^-nt o^^^— numerate and v... not be 

elements corresponding to those in F»9. 22 are laemmea y terminals 2. 2 . the 

described. Referring to Fig. 1. ^^ere are f o^mj^he DC ^^^^^ 

transformer 3 having the primary winding 3a. f|°°"°^2Hr7 the smoothira^i?^^ 9, the output terminals 
rmSTas the first swttching means, the ^^^'J^JSJ^J^^^^^^^^^ through the primary windmg 

11 11' and the diode 5. When the energy stored in the ^'^^"f;°r' 3a to flow therein even tf the 
Jl\o the DC power supply 1 . this diode 5 ^ diors^^^^^^^^^^ '° '"P"' ^T'"^^^^ 

sw tching element 4 is in the off-state. That is. '°f„!,|rgoSrtt is connected in parallel with the swfltching 
frSe connected to one end of the pnmary^^^^^^^^^^ 

efement 4. Shown at 6 is the synchronizing o^°'' °" f m the.^ jcdinaJa L . i '^ r^^v^ rsed in rts 

fn a predetermined on-period and to turn jg^ ^'^^'the Slla i i ^in^oS;^ When at 8 is a second 

l^ra^^circulTW«ST^^ 
55 intprnai refer^ce voltag e, and changes the reverse currem p . - 

the swit ching element 8. Hocr-rihPd in detail with reference to Figs. 1 and 2. 

- The operation of the e mbodiment will be 

n Figs 2 at (a) is shown the voltage waveform Vds «'='^°^^™J® ^^^^ Vei from the synchronizing oscillation 
lo fSg in tile primary winding 3a. at (^'/^^^^^^^^/.S^^^^^^^^^ 3c. at (e) the^nve p"tee 

so circuit 6 at (d) the secondary current waveform lo |l<f^ "9 '".""^.g g^aped area in the off-period shows the 
wLveform vWto the secondary switching element 8 whfj^ "J^ in the secondary winding 3c. During the 
Teverselrrent period in which the secondaiy current lowed mh^ ^^^^^.V^^ ^/"f ™ 
on-period of the switching element . 4 whcih °P^^'f ^J,^ ° nding 3a to generate magnetic flux in the 
osdllation circuit 6. the primary current "ows 'n he^rima^^ 
65 transformer 3. thereby storing energy therein. At this time, a 9 
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the transformer 3, reverse biasing the rectifying diode 7, and the secondary switching element 8 is turned off. 
When the switching element 4 is turned off by the off-signal from the synchronizing oscillation circuit 6. a 

flyback vo ltage is induced in the primary winding 3a and at the same time a flyback voltage is Caused in the 

secondar y winding 3c, thereby fonvard-biasing the rectifying diode 7. Th us, the energy stored in the 
f ransformer 3 is released through secondary winding 3c in the form of secondary current and smoothed by the 5 
smoothing capacitor 9. thus appearing as an output between the output terminals 11. 11'. At this time, 
although the secondary switching element 8 is turned on by the control circuit 10, the secondary current in 
either element does not cause any trouble in operation. When the energy stored in the transformer 3 is ail 
released so that the secondary current becomes zero, the voltage across the smoothing capacitor 9, or the 
output voltage is supplied through the secondary switching element 8 already in the on-state, to the secondary 10 
winding 3c. so that t he secondary current is flowed from the smoothing capacitor 9 In the reverse direction, 
generating magnetic flux in the reverse direction to store energy in the transformer 3. Since in this state the 
voltage induced in each winding of the transformer 3 is not changed In its polarity, the flyback voltage in the 
bias winding 3b is not also changed, and thu s the synchronizing oscillation circuit 6 maintains the switching 
element 4 in the off-state. The control circuit 10 controls the secondary switching element 8 to be in the 75 
' on-state. When the secondary switching element 8 is turned off, the voltage induced in each winding of the 
transformer 3 is reversed in its polarity, so that the voltage induced in the secondary winding 3c reverse-biases 
the rectifying diode 7. Also, since the secondary switching element 8 is in the off-state, current is not flowed in 
the secondary winding, and the Induced voltage in the primary winding 3a is in the direction in which a negative 
voltage is applied to the connection point between the switching element 4 and one end of the primary winding 20 
and a positive voltage to the connection point between the input terminal 2 and the other end of the winding. 
Thus, the primary current flows through the diode 5 to charge the DC power supply 1 so that the energy stored 
Jn the trarisformer 3 during the off-period is released back to the DC power supply 1. Since at thi s time the 
induced voltage in the bias winding 3b is reversed in its polarity, the synchroni zing oscillation circuit 6_tums-tb.a 
switching element 4 on. a nd in this case the primary current in either element does not cause any trouble in 25 
operation. When the energy is stored in the transformer 3 in the off-period is all released so that the primary 
'current becomes zero, the primary current is flowed through the switching element 4 already in the on-state, in 
the direction opposite to the Indicated direction, to generate magnetic flux in the transformer 3. thus energy 
being stored in the transformer. Under this condition, the polarity of the Induced voltage in each winding of the 
transformer 3 is not changed and thus the synchronizing oscillation circuit 6 maintains the switching elemerit 4 30 
in the on-state. When the switching element 4 operating in the on-state determined by the synchronizing 
oscillation circuit 6 is turned off. the energy stored in the transformer 3 is released through the secondary 
winding 3c as the secondary current. By repeating these operations, the output voltage is continuously 
supplied from the output terminals 11, 11'. 

The operation in which the output is controlled to be stabilized will be described in detail. Fig. 2 shows 35 
operating waveforms. The off-period t1 to t3 of the drive pulse waveform Vgi from the synchronizing oscillation 
circuit 6 is represented by Toff, the reverse current period (t2 to t3) of the secondary current lo thereof by 
Toff', the on-period (t3 to t5) by Ton and the released-back period (t3 to t4) of the primary current Id thereof by 
ToN'. The output current lour from the output terminals 11, 11' Is expressed as 

40 

1 1 Tnpp 

louT = X VouT X— — X — - — X (Toff " 2Toff*) 

2 Ls T 
The output voltage Vout is given as 

V„„, = v„ X-S^ - V.H X^ X-^22Hl_ 

* Np Toff Np Tqff* 



Np Toff - Tqfp 



The oscillation frequency / is expressed as 
1 1 



f = 



Ton + Toff T 



50 



55 



60 



Where Ns Is the number of turns of the secondary winding 3c, Np is the number of turns of the primary winding 
3a. l_s is the inductance value of the secondary winding 3c. Vin is the input voltage supplied from the DC power 
supply 1 . Ton is the on-period of the switching element 4. Toff Is the off-period of the switching element 4 and T 
is the oscillation period. 
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Since the on-period To. is maintained to be a constant v^.e d^^^^^^^^^^^^^ 
Circuit 6. the off-period Tofp is constant and the f^'"^^^"^^;^^^^^^^^^ he secondary switching element 8 
cS= ':^i:r^^^r.r"o.V.Z ro^JpS« is chan^ tHe reverse current 
pferiod Toff' is changed as expressed as 




ToFF_ 



15 



20 



25 



30 



35 



40 



Ns Tom' 



45 



50 



Thus, the control circuitiocontroistheon-periodof^^^^^^^^^^^ 
reverse current period Tof^ so that the output voltage Vout 

Fig. 3 shows operating waveforms with the output ^"^"-f '°";.^^^^"ff^:^'^,S;7^^^^^ corresponding to 
indicting the magnetic flux change in the transformer 3 aUh J t^^^^^^ noTbe deSrfbeSn Rg. 3. the solid line 
those in Fig. 3 are identified by the tTZpuX currlnt lour is flowed 

changed, the magnetic flux change wndth. ABY Is alwa^ g^liSements corresponding to those in Fig. 1 
Fig. 5 shows another embodiment of th.s '"f j^^^^ " ^J: J^^cS secondary bias 

are identified by the same reference """^^^als w»H not be d^^^^ transistors (hereinafter. 

Winding 3d wound on the secondary ^'"'^^Si^ °J 
abbreviated BPT) 21 . 23 and 30. res.stors 22 25. J and 29 capacito^ 

31.andareference voltage 32. in this embod,men he BP^^^^^ g 
30 as the second switching element 8. circuits const.tut ^ 3,, 

operated as described below. When the BPT 21 f Ji^^ed on. t^^^^ ^ ^p^^l. 

cLses the drive current to flow through the ser es 

thus the BPT 21 being maintained in the on-state. In the °" P^,^ t^.o^ah the resistor 27. increasing the 
which is proportional to the input voltage charges the ^fPf'^°^24 through the ^ ^^^^ 

voltage across the capacitor 24 This voftage dnves ^^^^^^^^^ ,,tput 
BPT 21 is turned off since the base of the BPT 21 ^''^^^•A^y^^ 24 through the 

voltage induced in the bias winding 3b in the °«-P«"°f^^^ 23. In the on-period 

diode 28. The resulting voltage across the f P^/^-^^^f^^^^.^^^^'^^^^^^ base of the BPT 23. Therefore, 

of the element4the capacitor 24 is ^^^ersely charged unWfor«^^ substantially constant 

the on-period is determined by a penod until the BPT 23 operation of the circuits 

although it is slightly changed by the input voltage and °"tP^J° *^9«^ ^condiv Was winding 3d in the 
constituting the control circuit 10. a flyback voltage s .nd^^^^^ 

off-period of the BPT 21. and supplied trough the resistor second winding 3c as the 

energy stored in the transformer 3 during the °"-Pf;'°J^'f "^"^^^^^^^^ flows through the BPT 30 already In the 

oHrK^^^^^^^^^^^^ 

linearly increases as determined by the equation. 



55 



60 



65 



i^.= J^ X Toff' 



^ ^ * I RPT 30 is from the error amplifier 31 which detects the output 

in addition, since the base current Ib to the BPT 30 >s current lo' is limited to a value 

voltage and compares it with the reference voltage 32, the seconaary curre 
determined by the equation, 

T^'rlverse'current period Tcpp' can be changed by the base current lev' to the BPT 30 as 
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' ' When the secondary current is limited to a constant value from a lineary increase, no Induced voltage is 
induced in the secondary bi^as winding 3d. Thus, the BPT 30 swiftly turns off and at the same time the polarity of 
the induced voltage in each winding of the transformer 3 is inverted, so that a voltage is induced In the bias 
winding 3b to forward-bias the base of the BPT 21. again turning on the BPT 21. Repetition of the above 
operations maintains the oscillation continue, controlling the output voltage. The resistor 22 supplies a small 10 
current to the base of the BPT 21. to actuate it to start. 

Fig. 6 shows still another embodiment of this invention. In this embodiment, the switching element 45 and 
the secondary switching element 8 in Fig. 5 are formed of field effect transistors (hereinafter, abbreviated FET). 
Since this embodiment utilizes the body diode paraslticaliy built in the FET, It does not include the diode 5 and 
the rectifying diode 7. The operation of this embodiment Is the same as that of Fig. 6. and thus will not be 75 
described. Shown at 33 and 34 are FETs. The resistor 22 supplies a voltage to the gate of the FET 33, thereby 
starting it. 

Fig. 7 shows further embodiment of this invention, in this embodiment a feed-back winding 3e is separately 
provided on the transformer 3 shown .in Fig. 1 . The energy stored in the transformer 3 through the secondary 
winding 3c of the transformer 3 is released to the output terminal 11.11', and the series circuit of the feed-back 20 
winding 3e. diode 35 and secondary switching element 8 supplies output voltage. Thus; energy is again stored 
in the transformer 3 and released back to the DC power supply 1 through the primary winding 3a of the 
transformer 3. The operation of this embodiment is the same as in Fig 1 and will not be described. In this case, 
however, the number of ^urns of the secondary winding 3c must be equal to or smaller than that of the 
feed-back winding 3e. In particular. If the number of turns of both windings are equal, the diode 35 can be 25 

omitted. * _„ ^. 

Fig: 8 shows still further embodiment of this invention. In this embodiment, a multiple output winding 3f is 
additionally provided on the transformer 3 shown in Fig. 1 to increase the output terminal number. A second 
output voltage rectified and smoothed through a rectifying diode 36 and a smoothing capacitor 37 connected 
to the multiple output winding 3f is supplied through output terminals 38. 38'. The operation is the same as in 30 
Fig. 1 and will not be described. For more output voltage terminals, more separate windings can be provided 

similarly as above. . . 

Fig. 9 shows further embodiment of this invention. In this embodiment, the synchronizing oscillation circuit 6 
in Fig. 6 Is replaced by a separately excited oscillation circuit 39. and the bias winding 3b is removed from the 
transformer 3. The separately excited oscillation circuit 39 repeats on and off operations at a predetermined 35 
constant frequency and drives the switching element 4. In Fig. 9. like elements corresponding to those in Fig. 1 
are identified by the same reference numerals and will not be described. The operation of this invention will be 
described with reference to Figs. 9 and 10. In Fig. 10, like elements corresponding to those in Rg. 2 are 
identified by the same reference numerals and will not be described. The energy stored In the transformer 3 
during the on-period {t15 to t16) of the separately excited oscillation circuit 39 Is to cause the following 
periods. The off-period t1 1 to t15 of the separately excited oscillation circuit 39 includes the period Toffi (t1 1 to 
t1 2) in which part of the stored energy is released through the secondary winding 3c of the transformer 3 to the 
output voltage, the reverse current period Toff2 (t12 to t13) in which the output voltage is supplied through the 
secondary switching element 8 to the secondary winding 3c of the transformer 3. the released-back period 
Toff3 (t13 to t14) in which the energy stored in the transformer 3 through the primary winding 3a during the 45 
reverse current period Toff2 is released back to the DC power supply 1 . and the dead period Toff4 (t1 4 to t1 5) in 
which no magnetic flux is generated in the transformer 3 and the voltage across the switching element 4 is the 
same as the input voltage Vin of the DC power supply 1. Thus, the output voltage is controlled by the same 
operation as in Fig. 1 . but the off-period of the separately excited oscillation circuit 39 is necessary to be set so 
that the dead period Toff4 occurs. . 

Fig. 11 shows further embodiment of this invention. In this embodiment, the input-output insulation 
arrangement shown in Fig. 1 is replaced by a non-insulation arrangement, or the so-cail back boost converter , 
The operation is the same as that in Fig. 1 and will not be described. 

Shown at 40 Is a choke transformer which is formed of a main winding 40a and a bias winding 40b. When the 
switching element 4 is turned on. a current is flowed from the input to the main winding 40a to store energy in 55 
the choke transformer 40. When It is turned off, the energy stored in the choke transformer 40 through the 
main winding 40a Is released to the output. The bias winding 40b provides the on-state timing to the 
synchronizing bias winding 40b. 

In this invention, against the overcurrent of output current the ToN-period is always fixed to a constant value 
which is predetermined by the synchronizing circuit 8 and the separately excited oscillation circuit 39. The 60 
maximum output current is automatically limited, but changed with the change of input voltage. Also, by 
changing the ToN-period in reverse proportion to the input voltage, it is possible to make the maximum output 
current constant against the over-current of output current. Moreover, if the secondary switching element 8 is 
turned on in synchronism with the turning off of the switching element 4. the secondary current is all flowed to 
the switching element 8. thus no rectifying diode 7 is required. Similarly, if the synchronizing oscillation circuit 6 65 



40 
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10 



15 



20 



25 



30 



35 



element 8. and 44 a secondary side control block 13, at (a) is shown the voltage waveform Vds 

The operation will be described with f^f^^ence to Rg. 13 Jn p.^^^^^ v j , ^^^^^^^ 4 and diode 5. 

across the switching element 4. -V^"^) ^^'ij"^;^;^^^^^^^^^ circuit 42. at (d) the seconda^ 

at (c) the drive pulse waveform Vai to the syn?f\ro™2ing 05 ^ waveform VG2from the control 

current waveform lo flowing in the ^'^^^^ ^Tthf 

circuit 43. and at (f) the current waveforrn '° """^^r^^^^^ flowed through the primary current 3a to the 

back period in which during the on-period t^e Pnmary cu jem ^s no y^^.^^ secondary current is 

DC power supply 1. and the reverse '^"^^^I^J P^"°^ ;;j';Sded area. In addition, in Fig. 13. the solid lines 
flowed m the secondary winding 3c as 'nd'^ J^I^V J^^J^^d and the broken lines shown the change of each 
indlcatetheconditioninwhich the output currentb^^^^ 

■ waveform under the so-called no-load ^^^^^ ^^'^'^gS^^ synchronizing oscillation control circuit 

When the switching element 4 is turned off f he off ^gna.^ Y ^ ^^^^^^ .^^^^^ he 

42. a voltage with a polarity °PP°f ^^nnS in oaSlel ^ th^ switching element 4. In this case the 

primary winding 3a by the ^^^P^'^'^^^^f ae„^^^^^ 41 , or the rapid increase of the voltage 
Increase of the flyback voltage IS made relativetyger^je^^^^^ 

to the switching element 4 Is suppressed ^^sult^ng 'n decre^^^^ ot i ^.^^^ ^ ^^^^ j 

voltage is induced in the secondary winding 3°^*° ^i^^^^ current. When the secondary 

inthetransformerSisreleasedthroughthesec^d^vMn*^^^^^ ^ ^^^^^^ 3 th g 

current released through the ^^^^^'^^^^'^^^^^o^^s^^^^^ 

capacitors. ortheoutpuwoltageissuppliedthr^jghj^je^ J^^^^^ ^^^^ the smoothing 

on-state, to the secondary ^^.^'"Q ^^"/^^^^^^ c. so that magnetic flux is produced in the 

eapacltor 9 in the reverse d/rection toward the ^^^o^d^^™^^;^^^^ energy is stored in the transformer^ 
transformer 3 in the opposite direction ^^J*^^ ."^f"}'" "^od in which the secondary current is flowed in the 
The control circuit 43 controls the '^2TJ.^'^Sclt^^^^^ 

reverse direction, and when the secondary switching eler^^^^^^^ ^^^^^ secondary winding 3c 

in each winding of the transformer 3 is fev«^se^;]^^"^'fl"^^^^^^^^ element 8. the voltage induced in 

reverse-biases the rectifying diode 7 ^"^ turns off t^rte sec^^^^^^ sw tc ^ connection point 

the primary winding 3a is in the direction ^hichthe ne^^^^^^ 

between the capacitor 41 and the one end PJ^^'^fS wln^ 3a. Therefore, the charge stored .n 
point between the input terminal 2 and ^l^f ^^^^/^^^^^ ?en?Swrd to charge the DC power supply 1. or the 
the capacitor 41 Is discharged, and «ius the P;™f jl^^^^^^^ power supply 1 . When, by this operation, 
energy stored in the reverse '="^«"lP«"°l'^ J^'^^!^^ the primary current Is further flowed until the energy 
the voltage across the capacitor 41 .s '■^^"f/*"^^^^^ called the released-back (regenerative) 

stored in the reverse current penod ^ecorr^es zero, th^^^^^ ^^^^^^^ ^^^.^^ i„ the diode 5 

40 period. At this time. synchronizing osc|llajon co^^^^^^^^ ,3 already zero ,n the 

reard^ckTerSf^^^^^^^^^^ 

nrole'iS^hthlhe output voltage is controlled to be stabilized is the same as described >^th 
reference to Fig. 1. and will not be described ^^^,^1^^, voltage across the 

The reverse current period W 43 in ""JS J J 's selec^^^^^^ 
capacitor 41 can be completely reduced to ze o ^f^^^^^^^^^^^ voltage. The capacitor 41 connected 

fixed or made variable by the <=f P^^^'^^^f J",^' Kl^Sslo^^^^^^^^ the switching element 4 turns off 

across the switching element 4 P'-f «"*^,;,'^^/|P'J^^^^^^^^ generated by the leakage Inductance of 

thus decreasing the turn-off loss In ^dd'tion. smce the spik^^ g g ^.^^ ^^^^^^^ zero-cross 
the transformer 3 is absorbed, the voltage ^l^^^^^^^l^^^^^e the charge stored in the capacttor 41 
switching is brought about, causing no ^"""^^^^Z^l^^ are all released-back to the DC 

rorsuT^^r;s'ni"o2-^^^^^^^ 

55 the swrtching noise is greatly reduced. secondary-side control circuit 43 of the embodiment of 

... i»Q 



45 



50 



65 and the resistor 49. 
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The operation of the embodiment of Fig. 14 is the same as that described with reference to Fig. 5. That is. 
when the switching element 4 is turned off, part of the energy stored in the transformer 3 is released through 
the secondary winding 3c to the output terminals 11, 11' as the secondary current. At this time, a voltage is 
induced in the drive winding 3e to flow a drive current through the resistor 46 to the base of the BPT 47, thus 
turning the BPT 47 on. However, almost all the secondary current released from the secondary winding 3c Is 
flowed in the diode 7. When the energy stored in the transformer is released, the output voltage Vout is applied 
through the resistor 49 and the BPT 47 which is already on. to the secondary winding Sc. At this time, the 
current flowing in the secondary winding 3c during the reverse current period Toff' is linearly increased as 
determined by secondary current 

10'= X Torr' 

Across the resistor 49 is developed a voltage which is proportional to the secondary'current. Thus, when the 15 

voltage across the resistor 49 reaches a voltage by which the base-emitter path of the BPT 48 connected 

across the resistor 49 Is forward-biased, the BPT 48 is turned on, shorting the base of the BPT 47, so the BPT 

is turned off. If the BPT 47 is turned off, the polarity of the voltage induced in each winding of the transformer 3 

is reversed, so that a voltage Is induced in the drive vyinding 3e to reverse-bias the base of the BPT 47, and thus 

to maintain the BPT 47 In the off-state. The reverse current period Toff' determined by this operation is given 20 

as 

Torr = — ^ X — ^ 
Vout 

'Where Vbe is the forward threshold voltage between the base and emitter of the BPT 48, and R49 is the 
resistance value of the resistor 49. 

In Fig. 12, if at least one winding of the multiple output construction having a plurality of secondary windings 
in the transformers is provided with the same arrangement, the same result can be obtained as will be easily 30 
understood from the above description. Moreover, by connecting across the primary winding of the 
transformer 3 the capacitor 41 which Is connected In parallel with the switching element 4, It is possible to 
obtain the same result. 

Fig. 15 shows further embodiment of this invention. In Fig. 15. like elements corresponding to those In 
Fig. 12 are identified by the same reference numerals and will not be described. Shown at 52 is a capacitor, 35 
which Is connected across the rectifying diode 7 so as to absorb the spll<e voltage generated by the leakage 
inductance of the secondary winding 3c and primary winding 3a of the transformer 3 which voltage is applied 
thereacross when the secondary switching element 8 is turned off. The secondary switching element 8 is 
turned on and off by a secondary synchronizing oscillation control circuit 53. The secondary synchronizing 
oscillation circuit 53 generates a drive on-off signal to the secondary switching element 8, detects that current 40 
is flowed in the rectifying diode 7. and detects the current in the secondary switching element 8 so as to 
maintain the current to flow until the current flowing from the secondary winding 3c to the output terminal 11' 
exceeds a constant value. 

The operation of the embodiment of Fig. 15 as to the secondary winding side Is the same as that In the 
primary winding side of the embodiment of Fig. 12. Since the capacitors 41 , 52 are respectively connected on 45 
the primary and secondary winding side of the transformer 3, they absorb the spike voltages Induced In the 
primary winding 3a and secondary winding 3c due to the leakage inductance of the transformer 3 and 
simultaneously prevents abrupt increase of the induced voltage, so that the switching noise caused in the 
primary winding 3a and secondary winding 3c of the transformer 3 can be reduced further. Moreover, since the 
energy absorbed and stored in the capacitors 41, 52 are all released back, or recovered to the input and 50 
output, no loss is produced. Also, since the zero-cross switching is brought about when the switching 
element 4 and the secondary switching element 8 are turned on, the turn-on loss is not caused, and since the 
abrupt increase of the applied voltage is prevented upon turning-off. the turn-off loss can be reduced. 

While in the embodiments of Figs. 12 and 15. the control circuit 43 and the secondary synchronizing 
oscillation control circuit 63 are operated to maintain the secondary current flowing the secondary switching 55 
element 8 constant, the output voltage control may be performed as in Fig. 1, and in this case the insulating 
transmission means 14 can be omitted. 

Fig. 16 shows still further embodiment of this invention. In Fig. 16, like elements corresponding to those in 
Figs. 1 and 26 are identified by the same reference numerals. Shown at 3f is a secondary winding which is 
wound on the transformer 3 and supplies the output voltage to the output terminals 62, 62' through the 60 
rectifying diode 60 and smoothing capacitor 61. Shown at 63 is a control circuit which determines the revers 
current period in which the secondary current is flowed in the secondary switching element 8, and at 64 is a 
non-control output block. 

The operation will be described In detail with reference to Fig. 17. In Fig. 17 at (a) is shown the voltage 
waveform Vos across the switching element 4, at (b) the primary current Id flowing In the primary winding 3a, .at 65 
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flowed from the output terminals 11. 11'. In this case, the output current louri flowing out of the output 

?r naicates thToWput 5,ar,cteri=tte according to Ms Invention «id the brokon I™ '"J'^'f' 5f 
rnaracTSfc in the prlSt art. Th. output »oltag. Vcm Is not ohanged because « o alwai« controlled In both 

rrS:rn;^lSCi^°ar«^e™^^^^^ a loadTs connected to bring the bleeder current 
lour2 as expressed by i 

25 1 Voot2 (Torr')3 _ 

I out2 ^ Lgj T 

where LS2 Is the inductance of the secondary winding 3c and W is the reverse ^X^cSd JSS 
30 bleeder current IW. can be adjusted by changing the ^^/f .^"JT^J^^^^^^ 

35 period Toff' and the release back period Ton' is given as 



7(? 



/5 



20 



4a 



45 



50 



55 



60 



65 



Thus the output Vout2 at output terminals 11.11' can be prevented from increase even v^hen the output 

output block 64 in the embodiment of this Invention shown m l^.g_16. in ^ ^-^f'^J^^^^g^^J^^^ 
those in Fig. 6 are identified by the same reference numerals. In F^. 19 at 71 is shown a diode, at bo ana oo 
7pner diodes At 66. 68 and 69 are resistors arid at 67 is a BFT. „ crrr'u 

Whe??heJwrtching element 4 is turned off. a voltage is applied between the gate and ^^i^f ^Il^f.J^^^ 
froTthe secondary Was winding 3d throughthe resistor 46. The gate-source voltageVos of the FET 3^ 



as 



/VrM»T2 ■^ V« - Vg) X R46 

V(38 = Ve - , R46 + R66 

because of the voltage division by diode 71.Zenerdiode65andreslstor66.in^^^^^^^^^^^ 

66 and the Zener diode 65 are set so that this voltage is lower than he Sat'ng threshoW vo^^^^^ o the PET 
34 the FET 34 Stays turned off and only the diode build in the FET 34 operates as a "o^mal rectrfying dioae wiin 
^Vevers^currenrperS 

W s hTzener volta'ge in the Zener diode 65. and R46 and R66 ^S^^^f ^^^S^due t^^^^^ so that 
However, when the output current 1out2 at the output terminate 11 . 11 is ^^^'l^^^^^i°X^!7uTrent is 
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the FET 34 is turned on. As a result, the reverse current period is produced to bring the bleeder current, by 
which the output voltage Vout2 is prevented from increase. Also in this case, even if the gate source voltage of 
the FET 34 becomes maximum, it Is fixed to the Zener voltage of the Zener diode 65, with the result that the 
gate can be protected and that the bleeder current can be prevented from limitless increase of the bleeder 
current. ^ 
' Fig. 20 is a graph of the output voltage Vout2, showing the stabilized situation of the output voltage. The 
output voltage Vout2 can set to an increase value by changing the Zener voltage of the Zener diode 70. If the 
output voltage Vout2 is smaller than the Zener voltage, no reverse current period Is present and no bleeder 
current flows so that the output power corresponding to the bleeder current can be prevented from increase. 

While in Fig. 16, the output voltage is stabilized by controlling the on-and off-periods of the switching 10 
element 4, the Input voltage from the DC power supply 1 may be controlled by a regulator or the like for the 
stabilization of the output voltage. Also, it will be understood from the above description that except the direct 
detection of the output voltage for the control, a detection winding may be separately provided on the . 
transformer 3 to produce a voltage same as the output voltage which detection winding voltage is controlled to 
be constant, or the so-called tertiary winding control system may be employed to stabilize the output voltage. 15 

In addition, even If there are a plurality of non-control outputs a plurality of same circuit arrangements may 
be provided to achieve the same effect. 

According to this invention, the on-period can be fixed to control the output voltage to be constant against 
the variations of the input voltage and output current, and the oscillation frequency variation can be greatly 
reduced. Particularly, against the output current variation.' the oscillation frequency Is fixed, enabling high 20 
frequency operation and miniaturization of transformer and secondary rectifying and smoothing circuits. In 
addition, because of small frequency variation, the attenuation frequency band region of the noise filter can be 
narrowed, resulting In small size and low cost. Moreover, the transient variation of the output current can be 
removed. The reasons for the improvement of the transient response are that since the control operation Is 
can-led out only on the second winding side the signal transmission Is simple resulting in fast response, and 25 
that particularly when the output voltage transiently increases, the smoothing capacitor is discharged from the 
output terminals as the output current while the output current lour, as expressed by 
lour = K X (Toff-2Toff'). 

is negative when the reverse current period Toff' is in the range of Toff > 1/2 Toff, so that the output current 

can be recovered to the primary winding side, thus accelerating the discharge of the smoothing capacitor. In 50 

addition, there is no need to provide a special circuit for protecting against the short circuit between the output 

terminals and excessive output current. Since the on-period Is also fixed against the transient response, the 

power supplied from the primary winding side Is always made constant. Since the control signal is not required 

to be transmitted to the primary winding side, there Is no need to provide Insulating transmission means such 

as photocoupler, and this results in simple circuit construction, very high reliability and low cost 35 

Moreover, according to this invention, the control range is the same as in the prior art, the turn-on and 
turn-off loss of the switching element can be greatly decreased, and at the same time the spike voltage and 
spike current to be supplied to the switching element can be greatly reduced. In addition, since the switching 
noise occurring in the primary and secondary winding sides of the transformer can be decreased, it is possible 
to produce a switching power supply with hiigh frequency, low noise and good high frequency performance. 40 

Furthermore, according to this invention, In the multiple output power supply which supplies power from a 
plurality of secondary windings of the same transformer, the output voltage under a light load in the 
un-controlled output can be prevented from Increase by a relatively simple circurt, the stability of the 
uncontrolled output can be greatly improved, and the bleeder current for prevention against light load is flowed 
through the primary winding back to the DC power supply, thus resulting in almost no loss and high efficiency 45 
in the switching power supply. 



Claims 



SO 



1 . A switching power supply comprising : 

first switching means (4) for making an input voltage on and off; 

a transformer (3) having a primary winding (3a) connected to said first switching means (4) ; 

first rectifying and smoothing means (7, 9) connected to a secondary winding t3c) of said transformer (3) ; 

and ^ 

seoond switching means (8) for releasing the output of said first rectifying and smoothing means (7, 9) 

back to said secondary winding (3c) of said transformer (3) during the off-period of said first svyrttching 

means (4); whereby the output of said first rectifying and smoothing means (7, 9) which is applied to said 

secondary winding (3c) is released back to said primary winding (3a) of said transformer {3), and wherein 

said second switching means (8) is controlled by the output of the rectifying and smoothing means (7, 9). 60 

2. A switching power supply according to claim 1, wherein said second switching means (8) Is 
connected in parallel with first rectifying means (7) of said rectifying and smoothing means (7, 9). 

3. A switching power supply according to claim 1. wherein said second switching means (8) is formed 
of an FET (34) which also serves as said first rectifying means (7) of said first rectifying and smoothing 
means (7, 9). ^ 
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"Ta Srpo- supp., .cco*g .0 0^4 v*e™.n ,=,d ^ ™- IS »" 

tirsts»imrameans(4)mfor™dof asw^^^^ ^ ^„„„a switching means (8) is 

co!^^S^=sS^'Sn1(£.SKio.^«d,os^*s.,,*^ 

inductance element. . 

8 A switching power supply comprising . 
first switching menas (4) for ["^^ing an input v^^^^^^ ^^^^ (4, . 

a transformer (3) having a P"'^/'V w'nf 'na^^fir^^^^^ connected to first and second secondaiy 
first and second rectifying and smoothing means w . a. oo, 

windings (3c, 3f) of said transformer (3) ; rectifying smoothing means (7, 9) back to 

rsrsr^iSisr^idSrrsS 

S:«o..e»»,e„oroo„,ro,.ngssidsspo„ds^cn,n,™n.,4,^,»«.,pu,o„.ds=c»nd»c«^, 

and smootliing menas (7, 9) ; .,„^nthina means (7, 9) supplied to said first secondary 

^-SSp-ersuppiyaccord^o^-.^—^^^^^^ 



said rectifying means (5). 
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FIG. 2 
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© A switching power supply comprises first switch- 
ing circuit (4) for making an input voltage on and off. 
a transformer (3) having a primary winding (3a) con- 
nected in series with the first switching circuit (4). 
first rectifying and smoothing circuit (7, 9) connected 
to a secondary winding (3c) of the transformer and a 
second switching circuit (8) for releasing the output 
of the rectifying and smoothing circuit (7, 8) bacl< to 
the secondary winding (3c) of- the transformer (3) 
during the off-period of the first switching circuit. The 

FIG. I 




switching power supply may further comprise a con- 
trol circuit (10) for controlling on or off the second 
switching circuit (8) in response to the output of the 
first rectifying and smoothing circuit The power sup- 
ply may alternatively comprise a second rectifying 
and smoothing circuit (60. 61) connected to addi- 
tional secondary winding (3f) to control on or off of 
the first switching circuit. Thus a stabilized switching 
power supply is provided with lower power loss, 
higher efficiency and lower noise. 
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